It has been known for two decades that a tight correlation exists between global farinfrared (FIR) and radio continuum (1.4 and 4.8 GHz) fluxes/luminosities from galaxies, which may be explained by formation activities of massive stars in these galaxies. For this very reason, a correlation might also exist between X-ray and FIR/radio global luminosities of galaxies. We analyze data from ROSAT All-Sky Survey and IRAS to show that such correlation does indeed exist between FIR (42.5 − 122.5µm) and soft X-ray (0.1−2.4keV) luminosities L X and L FIR in 17 normal star-forming galaxies (NSFGs) including 16 late-type galaxies and 1 host-dominant Seyfert galaxy as well as in 14 active star-forming galaxies (ASFGs) consisting of starburst-dominant Seyfert galaxies. The quantitative difference in such correlations in NSFGs and in ASFGs may be interpreted in terms of evolutionary variations from classic starburst galaxies to starburst-dominant Seyfert galaxies. Meanwhile, some low-luminosity AGNs (LLAGNs) tend to exhibit such a correlation that we infer for star-forming galaxies, implying that star-forming activities might be more dominant in LLAGNs. In contrast, AGN-dominant Seyfert galaxies do not show such a L X versus L FIR correlation; this is most likely related to accretions towards supermassive black holes (SMBHs) in galactic nuclei. In order to establish a physical connection between the L X − L FIR correlation and global star formation rate (SFR) in galaxies, we empirically derive both L X − L B and L FIR − L B relations with the blue-band luminosity L B roughly representing the mass of a galaxy. It appears that the more massive galaxies are, the more star formation regions exist in these galaxies. The global SFR is not only associated with the mass of a galaxy but also closely related to the level of star-forming activities therein. We propose a relation between soft X-ray luminosity and SFR in star-forming galaxies. In order to probe the L X − L FIR relation, we construct an empirical model in which both FIR and X-ray emissions consist of two components with one being closely associated with star formation and the other one not. Based on this model, we infer a linear relation between FIR/soft X-ray in star formation regions and radio luminosities, and get a linear relation between L X and L FIR for star forming regions.
itative physical explanation for such a global correlation is that the FIR emission is mainly caused by dust grain absorption of UV photons emitted by young massive stars nearby, while sources of relativistic cosmic-ray electrons are mainly associated with magnetohydrodynamic (MHD) shocks of massive stellar winds or supernova explosions (e.g., Lou 1993 Lou , 1994 that are end stages of massive stars -the primary source of UV radiations that heat up interstellar dust grains. Globally, both FIR and radio emissions are thought to be intimately related to formation activities of massive stars in star-forming galaxies. This perspective is also supported by the fact that radio continuum emissions are well correlated with Hα emissions mainly from HII regions ionized by young massive stars (e.g., Lequeux 1971; Rieke & Lebofsky 1979; Klein 1982; Wynn-Williams 1982; Hummel et al. 1988; Anderson & Owen 1995; Lou & Fan 2000 , 2003 Lou et al. 2002; Lou & Zou 2004a, b; Shen & Lou 2004a, b; Shen, Liu & Lou 2004; Lou & Wu 2004) .
There are various sources of X-ray emissions from galaxies (e.g., West, Barber & Folgheraiter 1997 for the nearby M31 -the Andromeda galaxy). X-ray emissions of starforming galaxies come from coronae of stars, close accreting X-ray binaries such as low-mass X-ray binaries (LMXBs) and high-mass X-ray binaries (HMXBs), supernova remnants and hot plasmas associated with star-forming regions as well as galactic winds pumped by starbursts (e.g., Fabbiano 1989; Dahlem et al. 1998; Fabbiano & White 2003; Persic & Rephaeli 2002; Persic et al. 2004; Lou & Wu 2004) .
As some X-ray sources such as HMXBs and Type II supernova remnants can be physically associated with formation activities of massive stars, a correlation may exist between FIR and X-ray global fluxes/luminosities. In fact, an empirical correlation between the FIR and X-ray global luminosities from the young objects (e.g. HMXBs) has been reported in star-forming galaxies and the correlation is naturally interpreted in terms of star formation activities in galaxies, which in turn implies a correlation between Xray luminosity and star formation rate (SFR). David et al. (1992) derived a linear relationship between the logarithms of X-ray (0.5 − 4.5keV) and FIR luminosities, i.e., L0.5−4.5 ∝ L 0.95−1.01 FIR in the normal and starburst galaxies using the X-ray data of EINSTEIN satellite and suggested a two-component model for L0.5−4.5 to fit this correlation. Ranalli et al. (2003) inferred a much better correlation between soft X-ray (0.5 − 2.0keV)/hard X-ray (2 − 10keV) and FIR/radio (1.4GHz) luminosities in star-forming galaxies using X-ray data from the BeppoSAX and ASCA satellites, and further found that such correlation persists in star-forming galaxies of higher redshifts z (i.e., 0.2 ≤ z ≤ 1.3). In particular, they suggested that 2 − 10 keV X-ray luminosity may be regarded as an indicator for the SFR. Grimm, Gilfanov & Sunyaev (2003) used the X-ray luminosity from a collection of HMXBs to estimate the SFR and found the correlation between the X-ray luminosity and the SFR to be nonlinear in the low SFR regime, while the relation becomes linear in the high SFR regime with SFR ≥ 4.5M⊙yr −1 -a result that differs from that of Ranalli et al. (2003) . Gilfanov, Grimm & Sunyaev (2004) discussed the different results and suggested that the difference should be caused by X-ray emissions from source objects other than HMXBs in the low SFR regime. Persic et al. (2004) also used the 2 − 10keV X-ray luminosity from a collection of HMXBs as an indicator of SFR Column 1 lists names of source objects identified by the IRAS catalogue. Columns 2 through 5 list the logarithms of soft X-ray (0.1 − 2.4 keV) luminosity, FIR (42.5 − 122.5µm) luminosity, radio (1.4 GHz) luminosity and optical B-band luminosity, respectively. Column 6 lists the FIR colour temperature defined by f 60 /f 120 .
and pointed out that the total 2 − 10 keV and soft X-ray luminosities may not be reliable SFR indicators. In this investigation, we shall use the data in soft X-ray (0.1 − 2.4keV) band of Röntgen Satellite (ROSAT) All-Sky Survey and the FIR (42.5 − 122.5µm) data of IRAS to examine possible global luminosity correlations in normal starforming galaxies and in active star-forming galaxies; the latter are also classified as starburst-dominant Seyfert galaxies according to Mouri & Taniguchi (2002) . In particular, the correlation between soft X-ray and FIR luminosities in this class of galaxies has not been examined before. Also, galaxies in the data sample we select have not been investigated in the previous work (e.g., David et al. 1992) . We have also acquired the radio (1.4GHz) data from the NRAO/VLA Sky Survey (NVSS) and the B-band (B) optical data from both the Lyon/Meudon Extragalactic Database (LEDA) and the NASA Extragalactic Database (NED).
In Section 2, we describe the procedure of data sample selection and introduce identifications for various types of galaxies. We analyze available data in Section 3 to reveal correlations between global soft X-ray and FIR luminosities in normal star-forming galaxies (NSFGs) (i.e. late-type galaxies and host-dominant Seyfert galaxies) and in active starforming galaxies (ASFGs) (i.e. starburst-dominant Seyfert galaxies); similar analysis fails to show such a correlation in AGN-dominant Seyfert galaxies. In parallel, we have also analyzed LX − LB, LFIR − LB and LFIR/LB − f60/f120 to examine soft X-ray and star formation properties in NSFGs. In Section 4, we indicate that multi-wavelength luminosity correlations may be associated with star formation processes and the global SFR in galaxies. We infer empirically the relation between soft X-ray luminosity and the SFR in star-forming galaxies. In Section 5, we introduce a two- component model to fit the correlation between soft X-ray and FIR global luminosities and estimate relevant errors.
SELECTION OF DATA SAMPLES
Soft X-ray observations of the ROSAT All-Sky Survey were in the photon energy band 0.1 − 2.4keV. The 120,000 X-ray sources detected in the RASS II processing of the ROSAT All-Sky Survey have been systematically compared and correlated with 14,315 IRAS galaxies selected from the IRAS Point Source Catalogue, among which 197 objects of soft X-ray emissions are most likely associated with the corresponding IRAS galaxies. For these 197 source objects, their See the same definitions of columns contained in Table 2 . Table 2 . Here, 'host' stands for a host-dominant Seyfert galaxy. Table 5 . X-Ray, FIR, and Optical B-Band Data in Seyfert 1.9 Galaxies See the same definitions of columns contained in Table 2 . Table 2 .
soft X-ray emission properties are examined and compared with their FIR emission properties. The data in the soft Xray band are provided by the ROSAT satellite which features a high sensitivity X-ray telescope and a low background Position Sensitive Proportional Counter (PSPC) detector (see e.g., Boller et al. 1992 and Boller et al. 1998) . Among these 197 objects, there are 15 spiral galaxies (peculiar galaxies not included here) and 1 irregular galaxy (see Table 1 ) which are classified as late-type galaxies belonging to NSFGs, 38 Seyfert 1 galaxies (see Table 2 ), 11 Seyfert 2 (see Table 3 ), 4 Seyfert 1.8 galaxies (see Table  4 ), 5 Seyfert 1.9 galaxies (see Table 5 ) and 6 Seyfert 1.5 galaxies (see Table 6 ). The rest of the source objects not tabulated here are elliptical galaxies, normal galaxies with peculiar characteristics or FIR sources each corresponding to two or more X-ray sources.
In order to compute a soft X-ray (0.1 − 2.4keV) energy flux from a PSPC count rate, Boller et al. (1998) presumed a simple power-law energy spectrum, namely
where fEdE is the energy flux in the photon energy range of E and E + dE from a source galaxy, the fixed photon spectral index γ is taken to be ∼ 2.3 -a typical value estimated for extragalactic source objects found by ROSAT (see e.g., Hasinger, Trümper & Schmidt 1991 and Walter & Fink 1993) , and the proportional coefficient in expression (1) involves an absorbing column density of hydrogen fixed at the Galactic value N Hgal along the line of sight (e.g., Stark et al. 1992 ). The total FIR (42.5 − 122.5µm) flux fFIR may be estimated (see Helou et al. 1985) by using the 60µ and 100µ band fluxes, f60 and f100, of the IRAS data, namely fFIR ∼ = 1.26 × 10 −11 (2.58f60 + f100) erg s
The X-ray and FIR fluxes were converted to luminosities using the formula adopted by Schmidt & Green (1986) , namely
where c is the speed of light, the Hubble constant H0 = 72 km s −1 Mpc −1 was recently determined by observations of the Wilkinson Microwave Anisotropy Probe (WMAP) (e.g., Spergel et al. 2003 ) and the power-law spectrum in the energy range (E1, E2) is such that the two redshift z dependent functions C(z) and A(z) are given by
respectively. For the photon spectral index Γ in the FIR band, we take Γ = 1.5 (e.g., Boller et al. 1998) . Meanwhile, we have also acquired the radio continuum (1.4 GHz) and optical B-band data from the NED and the LEDA. In this sample, we classify Seyfert galaxies as AGNdominant Seyfert galaxies that are characterized by LFIR/LB ≤ 1 and f100/f60 ≤ 3, starburst-dominant Seyfert galaxies that are characterized by LFIR/LB ≥ 1, and host-dominant Seyfert galaxies that are characterized by f100/f60 ≥ 3. We have only selected those galaxies with total apparent corrected B-band magnitude mB < 16 mag (see Mouri & Taniguchi 2002) .
Here we identify 34 AGN-dominant Seyfert galaxies, 14 starburst-dominant Seyfert galaxies and 1 hostdominant Seyfert galaxy. Emissions from AGN-dominant Seyfert galaxies were presumably powered by accretion processes around SMBHs in the galactic centers, while those from starburst-dominant Seyfert galaxies are powered by star formation activities in circumnuclear regions (e.g. Lou et al. 2001) and are also regarded as ASFGs. For the only host-dominant Seyfert galaxy F14207+3304 with the host galaxy being a spiral galaxy, we regard it as a NSFG.
On the basis of the preceding classification, we find that starburst-dominant Seyfert galaxies consist preferentially of Seyfert 2 galaxies, while AGN-dominant Seyfert galaxies consist preferentially of Seyfert 1 galaxies. From this difference, we may be able to test the unification scheme of AGN scenario indirectly. In this model scenario, there is a dust torus around the central SMBH and the different observational appearances of Seyfert 1 and 2 galaxies are related to the different geometrical orientations of the system relative to the line of sight. Seyfert 1 galaxies are thought to be face-on towards us, so that the dust torus cannot block or obscure radiations from the central SMBH. In this picture, AGN-dominant Seyfert galaxies and Seyfert 1 galaxies should be closely related to each other. In comparison, for a Seyfert 1 galaxy nearly edge-on towards us, if the dust torus is Compton thick, most of the radiation from the central SMBH will be blocked and obscured by the torus with reduced apparent AGN emissions. This would make starburstdominant Seyfert galaxies appear as Seyfert 2 galaxies.
DATA ANALYSIS OF GALACTIC LUMINOSITIES
Here we perform the least-square analysis to reveal possible correlations in luminosities of galaxies in different bands, and provide an estimate for the dispersion or scattering around the best-fit relation in terms of s1 for the standard deviation σ, namely
where L is the observationally inferred luminosity and L0 is the luminosity expected from the best fit relation, N is the number of sample used and ν is the number of free parameters. In our case, ν = 2 and we further introduce a Q parameter for the logarithm of the ratio LFIR to LX, namely
This Q parameter is analogous to the suggested q parameter by Helou et al. (1986) for the correlation between LFIR and LRADIO and we here analyze the correlation between soft X-ray and FIR luminosities, and the standard deviation of Q can be similarly defined by
whereQ is the mean Q and n is the number of data sample. Here we assume a linear fitting expression in the form of Y = mX + c and we summarize the Y , X physical variables, galaxy samples (GS), the fitting slope m, the fitting intercept c, the correlation coefficient r, the standard deviation of the correlation s 1 , the mean of Q parameterQ, and the standard deviation s 2 in Q parameter. Figure 1 . Soft X-ray (0.1 − 2.4keV) luminosity L X versus FIR (42.5 − 122.5µm) luminosity L FIR in a log-log plot for starforming galaxies and AGN-dominant Seyfert galaxies together. Solid circles represent data points of NSFGs, crosses represents data points of ASFGs and asterisks represent data point of AGNdominant Seyfert galaxies. The straight solid line represents a least-square linear fit for NSFGs, the straight dashed line represents a least-square linear fit for ASFGs and the straight dotted line represents a least-square linear fit for AGN-dominant Seyfert galaxies). This plot is intended to compare the correlations in different classes of galaxies and to test the suggestion that some LLAGNs might be more controlled by the star-forming process.
Correlations of Global FIR (Radio) and X-Ray Luminosities from Galaxies
Displayed in Figure 1 are soft X-ray (0.1 − 2.4keV) luminosity LX versus FIR luminosity LFIR of NSFGs (solid circles), ASFG (crosses) and AGN-dominant galaxies (asterisks), respectively, in a log-log plot to confirm the correlations between soft X-ray and FIR global luminosities, and their least-square fit lines are straight solid, dashed and dotted lines, respectively. We list the results of LX − LFIR correlation and the mean value of Q in Table 7 . The Q value for the source object F14207+3304 is ≃ 2.15 suggesting that F14207+3304 belongs to the class of NSFGs. We notice the difference of the correlation in NSFGs and ASFGs, that is, the mean value ofQ in NSFGs is larger than that in ASFGs. For the same soft X-ray luminosity, the global FIR emission from the ASFGs is weaker than that from the NSFGs. Or equivalently, for the same global FIR luminosity, the X-ray luminosity from the NSFGs is weaker than that from the ASFGs. In reference to the luminosity correlations in starforming galaxies (including NSFGs and ASFGs), such a correlation in AGN-dominant Seyfert galaxies becomes much weaker with considerable scatters. By using the F-test (e.g., Taylor 1981), we find that the correlations in the NSFGs and the ASFGs are much better than that in the AGNdominant Seyfert galaxies at α = 0.01 level. And the mean value of Q in the AGN-dominant Seyfert galaxies is much lower than those in the NSFGs and the ASFGs; this is most likely caused by central accretion activities around SMBHs harboured in galactic nuclei. By a visual inspection of Fig. 1 , it is clear that for the same FIR luminosity, the soft X-ray emission is considerably higher in AGN-dominant Seyfert galaxies. Also from Fig. 1 , we note that the distribution of AGN-dominant Seyfert galaxies is bound from below by a relatively narrow region occupied by star-forming galaxies. Some LLAGNs also show a similar correlation that we infer for star-forming galaxies, implying that emission processes from these LLAGNs might be more controlled by star formation activities. In addition, we infer a correlation between soft Xray and 1.4GHz radio continuum luminosities in NSFGs as shown in Fig. 2 ; details of this empirical relation are summarized in Table 7 .
Correlations of X-Ray (FIR) and Optical B-Band Luminosities in Star-Forming Galaxies
In the previous section, we have inferred the correlations between soft X-ray and FIR global luminosities in star-forming galaxies. In Figs. 3 and 4 of this section, we examine the LX versus LB and LFIR versus LB relations in the NSFGs, with details of this relation contained in Table 7 . Except at the α = 0.25 level, the correlation in soft X-ray and FIR luminosities is not significantly better than that in soft X-ray and optical B-band luminosities. In starforming galaxies, the more massive the galaxy is, the more regions of star formation it will contain, because the optical B-band luminosity may roughly represent the mass of a galaxy. The X-ray/FIR luminosities can be determined by star formation activities and this may be the underlying cause for the correlation between X-ray/FIR and optical Bband emissions. It is sensible to reason that the star formation rate is not only associated with the mass of a galaxy but also with the active level of star formation processes in that galaxy. The active level of star formation processes in galaxies can be roughly represented by both LFIR/LB and the FIR colour temperature f60/f120; their gross correlation is therefore shown in Fig. 5 with a correlation coefficient r ≃ 0.73.
Evolution from Starburst Galaxies to
Starburst-Dominant Seyfert Galaxies
In Fig. 1 , we call attention to a quantitative difference in global luminosity correlations in NSFGs and ASFGs. This difference can also be expressed in terms of different mean values ofQ, that is, for the same global soft X-ray luminosity, the FIR emission tends to be stronger in NSFGs, or equivalently, for the same global FIR luminosity, the soft X-ray emission tends to be stronger in ASFGs. We suspect that this difference might be related to an evolution from starburst galaxies to starburst-dominant Seyfert galaxies. The physical process of starbursts is thought to be a key piece of the AGN machinery. The central AGN and the process of starbursts may be either symbiotic or evolutionary (e.g., Perry & Dyson 1985) . Circumnuclear starbursts occur at radii of ∼ 10 2 −10 3 pc, while the fueling of an AGN occurs at radii of ≪ 1 pc. More observational evidence and theoretical studies (e.g., Lou et al. 2001 and references therein) point to the possibility of MHD density waves as the underlying cause of large-scale "ring" or spiral as well as other patterns. In some cases, these circumnuclear patterns are likely driven by galactic bars on even larger scales (e.g., NGC 1097). From the evolutionary point of view, it is conceivable that a young starburst galaxy may gradually evolve towards a maximum phase of starburst-dominant Seyfert galaxy and then decay as starburst activities gradually peter out.
The difference in correlations between LX and LFIR in the NSFGs and in the ASFGs as observed may reflect the two phases along one evolutionary track. Circumnuclear starbursts in Seyfert galaxies are thought to be sustained over a relatively long period of time. Their starburst ages might be on the order of ∼ 10 8 yr -approximately 10 times longer than the typical classical starburst age (e.g., Glass & Moorwood 1985) . In cases of relatively long-lived starburst activities, stellar winds and supernova explosions might have driven away considerable amount of dust grains that would be responsible for FIR emissions, and UV photons from young massive stars may then travel longer distances before being absorbed by dust grains (e.g., Mouri & Taniguchi 2002) . In this scenario, the FIR luminosity will decrease leading to a difference in the correlation of LX and LFIR and thus lower values of Q.
SOFT X-RAY LUMINOSITY AND STAR FORMATION RATE (SFR)
The SFR is one of the key parameters to characterize the formation and evolution of galaxies. Some empirical relations have been found between global luminosities in different wave bands and SFR in galaxies (see some examples in Table 3 of Grimm et al. 2003) . In particular, Kennicutt (1998) inferred a correlation between the FIR and SFR through a set of numerical simulations, namely SFR = LFIR 2.2 × 10 43 M⊙/yr .
Condon (1992) derived an empirical relation between the radio continuum luminosity at 1.4 GHz and the SFR in galaxies in the form of
The existence of empirical correlations in the logarithms of FIR/radio and soft X-ray global luminosities is naturally suggestive that these emission bands may contain physically relevant information of star formation activities. There are a few more plausible reasons for doing so. In terms of statistics, galactic X-ray emissions are more abundant in soft bands. While soft X-ray emissions may suffer random scatters, they are less affected by contributions of non-star-formation origins, including for example Compton-thick AGNs. We therefore tentatively propose a relation between the SFR and the soft X-ray (0.1 − 2.4keV) luminosity in reference to LFIR.
On the basis of a meanQ ≃ 2.04 for NSFGs and equation (9), we then infer
Using the similar procedure, we can derive another SFR−LX relation based on correlation (10) between soft X-ray and radio global luminosities,
which is fully compatible with equation (9) as expected. By equations (9) or (10), one may empirically estimate SFRs via soft X-ray (0.1 − 2.4keV) global luminosities in star-forming galaxies. In other words, the soft X-ray luminosity in the energy band 0.1 − 2.4keV may serve as a SFR indicator.
Whether the global soft X-ray luminosity is a sure SFR indicator in a galaxy still remains an interesting open question. In a recent work of data analysis (e.g. Persic et al. 2004) , as scatters in the LX−SFR relation is somewhat higher in the soft band than in the hard band, the soft X-ray global luminosity was regarded as a poor indicator for the SFR. Persic et al. (2004) noted that part of these scatters was due to observational errors and most scatters might be caused by X-ray emissions from SN-powered outgoing galactic winds.
1 Although a galactic wind may also be associated with star formation processes (e.g., even as an important signature of starbursts; Dahlem et al. 1998; Persic & Rephaeli 2002; Persic et al. 2004) , the luminosity of the wind is also influenced by various local source properties. Tyler et al. (2004) found that there exists a fairly good correlation between the level of diffuse soft X-ray emissions and the level of mid-infrared emissions in different regions along spiral arms; such a correlation between diffuse soft X-ray and mid-IR fluxes around galactic centers becomes less clear, tending to support the conclusion of Persic et al. (2004) . On the other hand, Ranalli et al. (2003) get less scatters in LX − LFIR correlation in soft X-ray band. This does not rule out the possibility that intrinsic absorptions may cause considerable scatters in some cases. In short, global soft X-ray luminosity may seem to serve as an indicator for the SFR in star-forming galaxies in some cases (e.g., Compton thick AGNs or the diffuse X-ray luminosity in the center caused by SN explosions is much weaker than that from the spiral arms.)
TWO-COMPONENT MODEL
For NSFGs, we propose an empirical model that both FIR and soft X-ray global luminosities consist of two components, respectively (e.g., David et al. 1992 ). For FIR emissions, one component is warmer and is presumably originated from active regions of star formation processes, and the other component is cooler and might be cirrus-like dust conglomerations heated by an interstellar radiation field within a galactic disc that are only weakly associated with star formation processes. For soft X-ray emissions, one component of radiation comes from relatively young objects, including HMXBs, Type II supernovae, hot plasmas associated with regions of active star formation and with hot galactic winds from circumnuclear starburst rings as well as possibly from luminous spiral arms (Lou & Wu 2004) . These sources usually involve massive stars that heat dusts and grains to radiate FIR bands during certain evolution stages. This may be the physical origin for the correlation between FIR and soft X-ray global luminosities. The other component of soft X-ray radiation comes from relatively older objects, including LMXBs and Type I supernovae; a correlation between this component and star-formation activities is thought to be relatively weak.
Based on these physical ideas, we propose to decompose LFIR and LX in simple forms of
and
where L FIRsf and L Xsf are respectively FIR and soft X-ray luminosities that are more closely associated with star formation processes (hence the added subscript 'sf'), L FIRnsf and L Xnsf are respectively FIR and X-ray luminosities that belong to the component without associations to star formation processes (hence the added subscript 'nsf'). The life time of source objects without association to star formation (e.g., LMXBs etc.) might be comparable to the life time of the host galaxy. Consequently, their luminosities may be proportional to the total stellar mass of the respective host galaxies which can be represented by the B-band luminosity (e.g., Grimm et al. 2002; Gilfanov et al. 2004) . In reference to optical B-band luminosities of galaxies, we presume L FIRnsf = f LB and L Xnsf = gLB where f and g are two numerical fitting factors to characterize FIR and soft X-ray luminosities of non-star-formation origins in respective proportions to the B-band luminosity. In the NSFGs, global radio continuum emissions at 1.4 GHz frequency are thought to be primarily caused by star formation processes (e.g., relativistic cosmic-ray electrons gyrating in magnetic field). Based on earlier empirical results, we aim at fitting L1.4GHz and L FIRsf (i.e., LFIR − f LB) with a linear correlation. Taking L FIRsf as an example, our procedure of fitting is as follows. We write
where a is the slope and b is the intersection in a log-log plot. For a trial value of f , we input data for L1.4GHz, LFIR and LB to search for a least-square fit parameters a and b. We then plot the variation of a (i.e., the least-square slope a) for a set of f values as shown in Fig. 6 . For a = 1, we have the L1.4GHz proportional to L FIRsf linearly. In reference to Fig.  9 , we may estimate the value of f ≃ 0.13 that is compatible with the result f ≃ 0.14 derived earlier by Devereux & Eales (1989) . Using the same method of estimation, we have inferred a value of g to be ∼ 10 −3 for L Xsf ∝ L FIRsf . On the basis of expressions (13), (14) and L Xsf = dL FIRsf , LX may be expressed by the linear relation of LFIR and LB,
where A = d and B = g − df . Using the sample of NSFGs and performing a χ 2 minimization, we derive the best fit as
for equation (8), where we infer again a value of g ∼ 10 −3 .
SUMMARY AND PERSPECTIVE
We have analyzed a sample of 17 NSFGs, 14 ASFGs and 34 AGN-dominant Seyfert galaxies, taken from ROSAT RASS II observations of IRAS galaxies. We infer different LX − LFIR correlations in these groups of galaxies and discuss plausible causes for these differences. The difference between NSFGs and ASFGs might be caused by an evolution from classic starburst to starburst-dominant Seyfert galaxies, while the difference between NSFGs/ASFGs and AGN-dominant Seyfert galaxies is likely to be caused by the excess of X-ray emissions from the nuclei of galaxies. And the distribution of the AGN-dominant Seyfert galaxies implies that some LLAGNs might be more dominantly influenced by star formation processes. In addition, we also estimate the LX − L1.4GHz, LX − LB, LFIR − LB, LF IR /LB − f60/f120 relations in NSFGs to complement our study of the correlation between the FIR and soft X-ray global luminosities as well as the relation between such correlation and star formation activities. Condon (1992) and later Kennicutt (1998) inferred the SFR−L1.4GHz and SFR−LFIR relations, respectively. The correlations among FIR, radio continuum and soft X-ray luminosities studied here then imply that FIR, radio continuum and soft X-ray luminosities come from physical processes involved in star formation activities. We thus propose an empirical relation between the SFR and the soft X-ray global luminosity in star-forming galaxies. As an additional diagnostics, it is then possible to estimate SFRs in starforming galaxies from soft X-ray global luminosities.
In order to plausibly account for these empirical luminosity correlations and deviations for galaxies, we advance a two-component model in this paper: one component of FIR (soft X-ray) emission is associated with star formation processes, while the other component is not.
On the basis of this model analysis, we infer a linear correlation between FIR/X-ray and radio global luminosities from star formation regions, and express soft X-ray luminosity LX as a linear combination of LFIR and LB. By two different yet complementary ways, we infer almost the same value of g factor.
In our data samples, the redshift z of selected galaxies are fairly small with majority of them being z ∼ 0.05. Recently, two of the NASA's Great Space Observatories [i.e., Chandra X-ray Observatory (CXO) and Hubble Space Telescope (HST)] bolstered by the largest ground-based telescopes including the Very Large Telescope (VLT), Keck Telescope, Gemini Telescope and National Optical Astronomy Observatory (NOAO) around the world, are beginning to harvest new clues to the origin and evolution of galaxies in the universe. Barger et al. (2003) obtained optical and near infrared properties for the 2 ms Chandra deep field north X-Ray Sources using the data of Subaru -an 8.2m telescope operated by the National Astronomical Observatory Japan (NAOJ). In particular, the Spitzer Space Telescope (previously known as SIRTF) launched last year has already joined the survey referred to as the Great Observatories Origins Deep Survey (GOODS). By higher sensitivity, better pointing accuracy and broad-band spectral capabilities of the Spitzer, CXO and HST, the GOODS survey will provide unprecendented opportunities for more systematic investigations on interrelations and classifications among optical, FIR and X-ray global luminosities of galaxies in the deep field of higher redshifts (z ∼ 1 − 2), where earlier star formation can be probed. The empirical correlation between far-infrared and soft X-ray luminosities/fluxes inferred here for fairly low z will then be further tested for higher z.
